Reduced activation ferritic-martensitic steel F82H was irradiated with 5 keV helium ions to introduce the surface damage. After the irradiation, the irradiated F82H was continuously exposed to 1.7 keV deuterium ions. The effects of the damages introduced by the helium ion irradiation on deuterium retention and desorption behavior of F82H were investigated. The HD desorption had a peak at around 500 K, which was shifted to the high temperature region when the helium ion fluence increased. The decrease in HDO desorption at the high fluence region was observed. This might be owing to the oxygen depletion on the surface by the sputtering. The amount of retained deuterium of the F82H gradually increased with the helium ion fluence and saturated at 7.2 dpa.
Introduction
Reduced activation ferritic-martensitic steel F82H is one of candidate materials for the first wall in fusion reactor [1, 2] , and many studies on this steel has been reported so far [3] . The first wall in the reactor receives various particles, such as neutron and helium ash, and then the damages are introduced into the surface. These damages might affect the hydrogen isotope retention and desorption behavior, which is associated with the safety issue and fuel density control. Authors have reported that the effect of helium ion pre-irradiation on hydrogen retention and desorption properties for polycrystalline tungsten [4] . In the pre-irradiated case, the desorption in the low temperature region was significantly enhanced. However, the effects of the radiation damages on deuterium retention and desorption properties for the F82H steel have not been sufficiently investigated so far.
In the present study, the F82H steel was irradiated with high energy helium ions to introduce the surface damage. After the irradiation, the deuterium retention and desorption behavior of the pre-irradiated F82H was evaluated.
Experiment
The F82H sample with a size of 22mm × 5mm × 0.1mmt was mechanically polished by Al 2 O 3 powders and then cleaned using an ultrasonic bath with ethanol. After the cleaning, the F82H sample was exposed to helium ion with energy of 5 keV at room temperature using an ECR ion source [4] . The helium ion fluence changed in the range of (0.5-10) × 10 17 He/cm 2 . These fluences corresponded to the surface damage in the range of 1.8-36 dpa, which were estimated by SRIM-code 2006. After the helium ion irradiation, the F82H was irradiated to deuterium ion with energy of 1.7 keV at the [5] and then linearly heated from room temperature to 1073 K with a ramp rate of 0.5 K/s. During the heating, the gas desorption from the sample was quantitatively measured by a quadrupole mass spectrometer. By integrating the desorption rate with respect to the heating time, total amount of desorbed gases, namely, total amount of retained gases could be obtained.
Results
The deuterium retained in the sample after the deuterium ion irradiation was desorbed in forms of HDO, HD, D 2 and D 2 O during the TDS measurement. Figure 1 shows thermal desorption spectra of HD for F82H samples with or without the helium pre-irradiation. The HD desorption for the F82H without the pre-irradiation had a sharp peak around 500 K. The HD desorption was clearly enhanced by the helium preirradiation. Also, the peak temperature was shifted to the high temperature region for the case with the pre-irradiation. Figure 2 shows thermal desorption spectra of HDO for F82H samples with or without the helium pre-irradiation. The HDO desorption rate started to increase around 350 K and then had a maximum around 500K. The peak temperature of the HDO desorption did not change by the helium pre-irradiation, on the contrary to the case of the HD desorption. from the irradiated samples. In the case without the pre-irradiation, the m/e=4 signal had only a peak around 500 K, which was similar to that for HD desorption. In the case with the helium pre-irradiation, additional peaks appeared in the temperature region above 700 K. In addition, the peak temperature around 500 K was shifted to the high temperature region. This peak shift was also observed for the HD desorption. Sugano 
Conclusion
Effects of energetic helium pre-irradiation on the deuterium retention and desorption properties for reduced activation ferritic-martensitic steel, F82H, were investigated.
The HD desorption had a peak at around 500 K, which was shifted to the high temperature region when the helium ion fluence increased. The decrease in HDO desorption at the high fluence region was observed. The amount of retained deuterium of the F82H gradually increased with the helium ion fluence and saturated at 7.2 dpa.
The obtained results indicate that the surface damage and the surface modification introduced by the helium irradiation strongly affected the deuterium retention of the 36 dpa 3.6 dpa 0 dpa Temperature [K] 36 dpa 3.6 dpa 0 dpa by helium ion irradiation prior to the deuterium ion irradiation.
